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The present invention relates to a system for carrying out parallel bioassays. Micro-fabricated labels (7) are made to each 
carry a biochemical test, many different labels are mixed together with an analyte sample (8). A device that reads the individual 
labels isolates the results of the individual tests, the microfabricated labels have a surface layer of anodised metal and are 
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(57) Abrege 

L'invention concerne un systeme pour effectuer des biodosages en paralfele. On cr6e par micro-usinage des etiquettes (7) dont 
chacune est destinee a accueillir un test biochimique, puis on melange plusieurs etiquettes drfferentes avec un echantiilon 
d'analyte (8). Un dispositif: qui lit les etiquettes individueiles 'isole les resultats des tests individuels. Les etiquettes 
crepes par micro-usinage sonjt munies en surface d'une couch e en metal anodis^ fabriqu^e par anodisation, par dessin des motifs 
au moyen d'une technique lithograph ique et par gravure. On utilise de preference I'alu minium. 
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(57) Abstract 

The present invention relates 
to a system for carrying out paral- 
lel bioassays. Micro-fabricated la- 
bels (7) are made to each carry a bio- 
chemical test, many different labels 
are mixed together with an analyte 
sample (8). A device that reads the 
individual labels isolates the results of 
die individual tests. The microfabri- 
cated labels have a surface layer of 
anodiscd metal and arc produced by 
anodtsing, lithographic patterning and 
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Bio-assay Technique 

Field of the Invention 

Tliis invendon relates to the Held of micromachined or micro fabricated coded 
5 substrates, particularly but not exclusively for use as a parallel bioassay technique. 

15 Background 

Massiviely parallel bioassay tests are the enabling ccchoiques that have made the majority of 
recent advances in genetics, screening and drug discovery possible. Thousands or millions 
W of tests that previously were earned out one by one xnay now be combined into a single 
experiment yielding thousands ot millions of resides. The key to this process has been the 
development of techniques that allow the results of the many diEfercnt tests tp be separated 
&om each other. 

25 

15 A number of existing techniques are described below. The techniques consist of labelliag 
each of tiie consticuent experiments in a manner that can be read after the experiment has 
completed. Labels used at present include the position of the experiment on the sur&ce of 
30 a test chip and the fluorescent spectrum of a particle to which the experiment is bound. 

20 Affymeirix's Generhip probc^an^jr^ a DNA sequence testing chip, where tens of 

thousands of different DNA probes are located at known points on a large 2D array- The 
&bticadon process is descnl>ed in, for example US 5,744,305 or US 5,143,854. Scsmdard 
DNA hybtidisadon techniques are used in a cha^SliSove the chip, and the test results 
are^rirad out optically by die positions of fluorescent dots on the array (see, for example, US 
2S 5,578,832). The combinations of tests are pre-determined during die manufacture of the 
chip. 



35 



40 



Liiminex Corporation's FlowMetnx system makes use of coded microspheres, 6.5 pm in 
45 diameter. Each bead incorporates red and orange fluorophores to make up the code. 

}0 Eig^t different intensides arc possible, allowing 64 dif&rent bead types. A green fluorescent 
marker is xised for the probes. This system is described in US 5,736,330. The system has a 
rekdvely small number of codes, and requires complex, muld-wavelength opdcs on flow 
cytomecers to read the codes and fluorescence of the tesL 
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^ APEX, which is *Hn«l5pec^^^ 

5,929^08). 

VI substrata-based assay techniques undet the geaeial 
There ate a numbei of other pam oc^su ^^^^^^ g6/24061 describes a library of 
hiding of Combinatorial Chemistry. For '^2\yi2m describes a composite 
^ using rad^o-fequeacy identtficat«,n tags^ describes't«o-parr 
supportforuseacombinatorialchem.«ysubstxate. GB23 ^ 

s^portparddes for combinatorial chemistry. 
Summary of tbc ^"'"iSS------^""^'""]''^^^^^ multiple bioassay tes^ 
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^- ^ tnicro- 

fabncadon of the micro-labeU. 

. ^ed^d^afluo^scenrbbelandincuba^d^tbthea^ay. 

fluorescent. 

wiMnlv sclecti^cobcs- 
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themes sima:u to those fout.d on bar codes. The biochemical ^esmarbe attached to 
the surfece eid>er bcfotc or after the Ethography st^. The tnicx^Ubels «e^then released 
i„.o at. aqueous-suspet^iot. Each different tnicro-Iabel code has a unique probe assorted 
w>th i^ Micro-labels up to 100.000 different variants have been demonstrated. 

K flo»-based reader system, similar to a flow cytometer, draws duough thousands of 
^cxo-Ubels per second, reading bod. die bar code and the result of the .est TT^e test 
result is measured by the degree of fluorescence. An altemaove planar rcadmg system, :n 
which the .mcro-labels are plated out onto a flat substrate, uses fluorescence microscopy 
and image processing to read die results of the tests. 

Brief Description of the Drawings 

Embodiments of Ae invention wiU now be described, by way of e«mple. with 
reference to the accompanying drawings, in which: 

Figure 1 illustrates a single micro-label incorporating a transmission optical barcode. 
Figure 2 illustrates a parallel bio-assay comprising two binding event erperm>ents. 
Figure 3 illustrates a wafer scale fabrication process for micro-labels. 
Figure 4 iUustrates a porous strucwre resulting from anodic oxidisation of an 

alumiaium surface, 

Figure 5 illustrates a flow duough micro-label reading device, 

Figure 6 Ulustrates dxe use of orthogonal interrogation beams to enable labels to be 

read regardless of roudon 

Detailed Description 



25 Mif 



3.1abcl, 1. in the form of a micto-machiacd miniature op dcalbar 



Figure 1 shows a micro 

code, made from aluminium. TTxe bar code is fomied by a series of boles. 2. in the 
alumiruuQi* 




}0 



Each micro-Ubel of this type is about l00il^^3.by 10 nm wide. 4. by 1 jon duck.5. 
andis capable of stodngup to lOCOOOdifferent codes. Around 10 million such micro- 
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labels can be fabricated oq a single 6-inch diaroeter substrate. Different lengths of micto- 
Ubel, from 40-100 \ixn, carrying between 2 and 5 decimal digits of data, have been 
fabricated. Each different code is associated with a unique biochemical probe. Coding 
schemes such as diose u sed iil E^gi^UgCb^ used, t o pr ovide stiongerror^ 

/ . ^^^^^^hecSa g vhen the codes are read. 

Probes and Assays 

With reference to Figure 2, an assay. 6. of micro-labels, is constructed by mixing cogedier 
suspensions of chosen secs^of active micro^^^ code has a unique 

fo btShcmkafprobe associated widi it, which binds to a specific type of molecule. Binding 
^tion?my be selected from die group consisdng of antA^ody-amigen, c nzyme-substn te, 
enzYme-receptoTrckxin^cccptor, piratcin-pro^ 

The sample under test, 8, 2s marked widi a fluorescent label and incubated with die assay; 
ts Only micro-labels, 7, with probes diat bind to the fluorescent sample molecules will 

become fluorescent, lO. The result of the test is measured by die degree of fluorescence of 
different types of micro-labels. 

An example of an applicarion of the present invendon is the acreenii^ of serum for a 
20 selecrion of specific antibodies in a parallel bioassay. Antigens to the antibodies are used as 
probes and bound to micro-labels marked to identify diese antigens. The micro-labels arc 
incubated with the sample and then incubated with an antibody specific fluorescent UbeL 
The micro-bbels are dien passed diough a reader diat measures die degree of fluorescence 
of die labels and their identity. Correlation of die identities of die micro-labels widi dieir 
2j degree of fluorescence provides indication of die binding of antibodies in die sample widi 
the sur&ce bound antigens. 

Micro-label Fabrication 

JO The fabrication process for die micro-labels will now be described with reference to Figure 

^3. ^ . ' . 
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^ L ) 

aterial, 11, such as ivsiHcoQwafcj, is first coated with a soluble release layer, 
3ie preferred cmbodimcGt, this is a spin-coated layer of polymethyrmcttena^latc 
resist, baked at 150"C to drive off the solvents. 




5 A layer of aluminium, 13, 1 jim thick, is deposited onto the substrate. This is achieved 
using a standard vacuum sputter coating technique, commonly used in semiconductor 
^5 device fabricadon. 

The al iitTrtftff mrfaygtY44- is jpodg ed, 1 4, at a voltage of 3 QV in 4% p ho sphori c add, using a 
to pure aluminixim cadiode, for 30s, at a current density of 10 mA/cm^ This leads toji^ 
20 100 nm anodised layer, 15, with a pore size of around 40 nm. ^'"^ 

At this stage (depending on the applicadon) the aluminium svirfiice may be coated with 
probe molecules, 16, by immersing the surface in an aqueous solution/suspension of the 
15 molecules. 



The substrate is spin-coated with conventional optical resist, 17, Shipley SI 81 3. The label 
2Q pattern, 1 8, is exposed using a hard-contact optical mask, and developed using aqtieous 

alkaline developer (MF319). The partem is transferred into the aluminium layer using 
20 reactive ion etching with SiCl^. 

35 If the probe attachment is to be carried out after the lithography, the optical resist, 17, may 

be removed at this stage using a solvent such as isoptopyl alcohol. This leaves the release 
layer, 13, intact, with the patterned aluminium layer, 20, on top. The probe molecules, 16. 
25 may then be attached as described above, whilst the micro-labels are still attached to the 
substrate. 



The micro-labels with attached probes are released, 21, from the substrate using a solvent 
^5 such as acetone. Dilution and filtration leaves the micro-labels, 22, in an aqueous 

JO suspension ready for combination into an assay. 



50 



55 



suBSimrrE sheet (rule 26) 



wo 00/1 6893 



-6- 



PCT/GB99/0310SL 



The fabrication process is suitable for a wide variety of shapes of micro-labck with holes m, 
including both the substantially linear type of Figure 1 arid other fonns of square, 
rectangxilar and round micro -labels. 

Anodisation and Surface Chemistry 

^teins hit}^ i^ yjgeaklv with an unseate d a luminium surface when incubated, ifl^ 
agu ggus solution . By modifying the surface diis binding can be selectively enhanced to 
control when the binding occurs. This is important because it allows the probe molecules 
to be bound strongly to the surface at time of manufacture whilst maintaining weak nonr 
specific binding of the fluorescent taiget molecules during the test In diis way die 
discriminadon of the test is maadmiscd. 

There exists a very wide body of knowledge, gained in the first half of this centuryjOn^ 
lu^fecegrottcrion^^ 

Mcdiods_foLgJowigg^go^ssg&ces are weJLknowp, as^^ej>roccsses for^^ 
surfeces. JWe have exploited diis knowledge to develop a rclarively simple process diat 
grows an adsorbing surface wirii well controlled porosity and dcpdi. This suAce binds die 
chosen proteins we ll soon after treatment, but heals widi time to prevent fiirdier binding 

In order to generate the appropriate anodised surface morp hology,^ is necessary^ to 
understand the stnicMc of tjpical^o as probes. Cryogenic atomic- 

force-mcTOScppy..allow^ For example, 

Immuno^obulin-G (IgG) has a^ Y-shaped smicture. The size of the IgG molecule is 
approximately 40nm across, which can be considered to be a typical size. 

With referMice.tp,Eigure 4, during anodisado^, an a luminium oxide laye r, 23, grows o n die 
surfeccof diealurninium. This o^^k^^^^ ^ ^ j^ ^"^^^"^ hexagoo al cell 
st5ucture;_2i, the size of each cell dep ending on the electrochemical forming voltage. In 
die centre of each cell, a pore, 25, forms widi an apermre smaller dian die widdi of die cell, 
26. A* th^ ^noH^yrioa pro cess progresses, the thickness, 27: of'thft -Qxide^aYer and the 
dcpdi of die jk>res, 28,,in,cxease, bi^^ widdi, 26^andjhe P^f« *P^f^|f^3 

constanc 
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Reading Systems 

Two classes of reading systscm have been developed. These aie based on flow cells, and on 
planar imaging of plated -out micro-labels. 

The flow-ceil reader, shown schematically in Figure 5, utilises a design that induces the 
micro-labels, 1, to flowjgwn thecentre of a,.cube, 29 through a defined reading rone, 30, 
^OTaUyTelongated particles in flow would have a tendency to tumble. However, by using 
an accelerating sheadi fluid, 31, and injecting the micro-labels into die centre of this flow, 
32, a hydrodynamic focussing effect is achieved that causes all the micro-labels to align, and 
pass through a well-defined focal point, 30, somewhere downstream of the injection point, 
32. 

At the hydrodynamic focal point. 30, twq orthogonal fot nised bea m^Sj^ -Q^feaS^^far 
^_fo5na_a488jim M^n:^^^ i^detailcd in Figure 6. 

The use of two orthogonal interrogation beams enables the interrogation of micro-labels, 
regardless of their rotation with respect to the frame of reference of the flow tube. The 
label, I, in Figure 6, is shown at an angle of 45** to bodi incident beams, which is the worst 
possible case. The geometry of die micro-labels, shown in Figure 1, noeans that light is still 
transmitted dirough die holes in die label, 2. The holes modulate die ttaasmictcd intensity 
a]Lthe-deteccor^55.jEiS^ifee^lah«^ generating a serial stream of information 

that is analysed in the same way as a conventional bar code. Simultaneously, die degree of 
fluorescence is measured, using an epi-fluorcsccnce detector, 36. This is correlaced widi the 
code on die label High numerical-aperture optics (microscope objective lenses) are used to 
achieve die desired resolution. The optimal flow-cell design has flat walls, to avoid the use 
of custom cylindrical ipiagitig elements. 

Once sufficient micro-labels have been read die reader calculates die results of all die tests. 
This number required is typically between 10 and 100 copies of each type of micro-label, to 
enable statistical analysis to be used. The test results show the mean and standard deviation 
of the fluorescence for each type of probe. 

In a planar reading system, the micro-labels are plated out onto a flat substrate. This is 
either a filter substrate, or a transparent substtate. Conventional fluorescence microscopy 
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is used CO analyse the plated substrate systematically. An image-processing system captures 
pictures of each field of the substrate. Transmitted light is analysed separately &om 
fluorescent light Each micro-label is idendfied from its transmitted light profile, and the 
fluorescence signal integrated over the surface of die label is recorded. Once again, 
between 10 and 100 of each type of micro-label are required to give a good starisdcal 
analysis. 



Applications 

A typical application uses a suspension of probes for a number of different andbodics.(e-g. 
hepadds. HIV). A reading system ak ^^ p of blood from a parient. labeb it uddi 
fluorescent marker, and incubates it widi dxe^robe suspension for a few minutes. The 
suspension is fed through a microfluidic detector system. 

Further Embod iments I 
^gg^^ Ldesig ns for p^t pf reading systems are QQi Mj^jgl'^ j?*^ lineaLdggigas 
^escr&cd above, which arc P '™^,,^^!^^^ ^^^,)^ ;^ ^ ^^ ^)^n3x 
systems can use 2D^ttems, fiabdc atcd oa labeis which arc closer to being square or 
rectai^ular, radier dian lin^ar^C^^^^^^^^aimilar to convwrnonJ^^^^rcodes 
then used. The outline of die label also gives infbrmadon, particularly about oricntadon. 

^^bjn fiorporadng ma gncdc material can use n^^ ^^epar adon. This,is.,use£ul.ifihe^ 
sample being tested contains so l^ m atyr of similar..^, ro^ j^^^^ 



ate the results. 



metal such as aluminium. This is pardcdarlyjittrac^^ a mass-producdon method 

such as embossing of an alumi njum-coated plasac is used.iOLfabdcalECJbc-r^ 
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l/A solid support for biochemical (binding erpeiimcnt) assays with ' ^anodise d metal 
surEice layer 



30 
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2. A support according to claim 1 wherein the metal surfocc layer is alviminium 

3. A support according to claim 1 , with a modification to enhanc e the affi nity of the 
reagents o^jai db^^ gg^exprnrnents 



^>\A method of fabricating supports according to claim 1 , coniptisinfe ^sputter coatoig ^jf a 
c^flat surfac e^wiA die metal cooapdsm g die support, Ediogtaphic patterning of the metal, 
and etching of the,metal to leave individual supports 

5. A mediod according to ^^^i"' 4, whereby the said surface consists of a layer of soluble 
matenal on a rigid support, dictcby aEowing the supports to be released by solvadon of 
the solt^ble marrrial 

6. A method according to rU^rn 5 whereby the sohible matftrial is a resist 

7. A support according to rW^^ 2, whereby the modification res ults inC ^ ^^^^^^^ fa ce 

8. A support according to claim 7, whereby the pore size is approximately matched to die 
size of the biochemically active molecules to be bound 

9. A method of fabricating the support according to claim 3, wherein said modificarioa is 
by electrochemical means 



45 



50 




10. A mcdiod according to claim 9, wherein said tno ^fication is by anodic^^^on of the 
support surface 

1. A method according to ^l^tm lO, wherein said anodisation is carried out at a voltage of 
up to 150 V 
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12. A method according to rU^m l\ whereby said anodisisition is carried out at a volugc 
from 4 V to 30 V 



1 3. A support according to claim 1, wherein said support is preferentially smaller than >^ 
JDflLominlcnjtth by 100 in width by 100 ixmj n thickness ^ * \ 

f 



14^ support according to claim 1, incorporating a spatjagyva Lrying^^g^ for 
identification p urposes 

15. An opticaft^idtt^^rwdin and idenrifying the s^^^0 according to 

rkim 14- 



16. Suppbr^ accpiding.tg claim 14> wherein said pattern b 

17. Supports according to claim 16, wherein said barcode is a li^icar barcode 

18. A reader according to claim 15 operadng by means of tr ^sn^ ^^^^^^^ 0^ h^^^<^ 

19. A reader according to claim 18 TJi^ercin said supports axe transported through an 
opdcal read volume by a fluiHic sysSglP 

20. A process whereby the results of many binding cxpedments are separated from one 
another according to the identides of substrates according to claim 14 to which one 
mcs^ber of said binding pair is attached, as determined by a reader according to claim 

15. ' 

21 . A process according to claim 20 wherein aaidj^g[i|ig^^rs arc selected fcom the group 

consisting o fangbody-ano gtaOy^en ^me'S i^^ enzyrne ^receprorj toxin-receptor, \}^^ ^^f\ 

protein-protein and avidin-biotin v 



22. A process according to claim 20, wherein the attached member of said binding pair is 
Ouorescently labelled 
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23. A support according to claim 14 in which die pactcm compnscs a s eries oC^fegles^ Ac 
support 

24. A reader according to rlaim 18 in wfakhjlictc are two subs]Mlialiy_orA^^ light 
transmission padis 

25. A reader according to claim 24 incotporanng one or more fluorescence detectors 
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Figure 2 
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Figure 3 



SUBSTITUTE SHEET (RULE 26) 



wo 00/16893 



PCT/GB99/03109 




SUBSTITUTE SHEET (RULE 2S) 




SUBSTITUTE SHEET (RULE 25) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




rNTERNATTONAL APPLICATTON PUBLISHED UNDER THE PATENT COOPFRATTON TRHATY (PCT) 



(51) International Patent Classification: A3 

BOI J 19/00, C25D 11/04, ! 
GOIN 33/53, G06K 19/06 \ 


(11) International Publication Number: WO 00/16893 
(43) International Publication Date: 30 March 2000 (30.03.2000) 


(21) International Application Number; PCT/GB99/03109 

(22) International Filing Date: 17 September 1999 (17.09.1999) 

(30) Priorit> Data: 

9820163.5 17 September 1998 (17.09.1998) GB 

(60) Parent Application or Grant 

SENTEC LnvOTED (). DAMES, Andrew [/]; 
(). ENGLAND, James [/]; (). COLBY, Edward 1% 
(). DAMES. Andrew [/]; (). ENGLAND, James [/]; 
O.COLBY, Edward [,/]; (). 


Published 



(54) Title: BIO-ASSAY TECHNIQUE 

(54) Titre: TECHNIQUE DE BIODOSAGES 



(57) Abstract 

The present invention relates to a system for carrying out parallel bioassays. Microfabricated labels (7) are made to each 
carry a biochemical test, many different labels are mixed together with an analyte sample (8). A device that reads the individual 
labels isolates the results of the individual tests. The microfabricated labels have a surface layer of anodised metal and are 
produced by anodising, lithographic patteming and etching steps. Aluminum is the preferred metal. 

(57) Abrege 

L'invention concerne un syst^me pour effectuer des biodosages en parallele. On cree par micro-usinage des etiquettes (7) dont 
chacune est destinee a accueillir un test biochimique, puis on melange plusieurs etiquettes differentes avec un echantillon 
d'analyte (8). Un disposrtif qui lit les etiquettes Individuelles isole les resultats des tests individuels. Les etiquettes 
creees par micro-usinage sont munies en surface d'une couche en metal anodise fabriquee par anodisation, par dessin des motifs 
au moyen d'une technique lithographique et par gravure. On utilise de preference I'aluminium. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



<5t) International Patent Cbsstflcatloa ^ : 




(11) International Publication Number: 


WO 00/16893 


BOIJ 19/00, G06K 19/06, GOIN 33/53, 


A3 




C25D 11/04 


(43) International Publication Date: 


30 Match 2000 (30.03.00) 



(21) International Application Number: PCr/GB99/03109 

(22) International Filing Date: 17 September 1999 (17.09.99) 



(30) Priority Data: 
9820I63J 



17 September 1998 (17i)9.98) GB 



(71) Applicant (for all designated States except US): SENTEC 

LIMITED {GB/GB]; Patent Department. Terrington House, 
13-15 Hills Road, Cambridge, Cambridgeshire CB2 IGE 
(GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): DAMES, Andrew 
(GB/GBj; 74 dc Frcvillc Avenue, Cambridge, Cam- 
bridgeshire CB4 IHU (GB). ENGLAND. James (GB/GBl; 
44A Buu Lane. Milton. Cambridge, Cambridge^ire CB4 
6DG (GB). COLBY, Edward [GB/GB); 45 Argyl Road. 
Cambridge, Cambridgeshire CBl 3LR (GB). 



(81) Designated States: AU. CN, IN. JP, US, European patent (AT, 
BE, CH, CY, Da DK, ES, FI, FR. GB, GR, IE, IT, LU, 
MC, NL. PT. SE). 



Published 

IVith intemaiional search report. 

(88) Date oi publication of the international search report: 

24 August 2000 (24.08.00) 



(54) Title: BIO-ASSAY TECHNIQUE 
(57) Abstract 

The present invention relates g 
to a system for canying out paral- . 'j^i ijuvjuj \ 

lei bioassays. Micro-fabricated la- "wVl. \ 

bels (7) are made to each carry a bio- 6 r^r*i r*ir^ \ 

chemical test, many different labels Y YY Y ^fT 

are mixed together with an analyte aJHW! '^W^ 0 ^ On 

sample (8). A device diat reads the yj Or\r^ 

individual labels isolates the results of I'^P' f< -y* * 

the individual tests. The microfabri- ^^SJo^ J!^^ Cj ^ >J^^ 

catcd labels have a surface layer of ^ ^ ^.-"^^^ O ^ m 

anodised metal and arc prcxluced by 
anodising, lithographic patterning and 
etching steps. Aluminum is the pre- 
ferred metal. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Slates party to the PCT on the front pages of pamplilcts publishing international applications under the PCT. 



AL 


Albtnia 


CS 


Spaio' 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annema 


n 


Fifthnd 


LT 




fix 


Slovakia 


AT 


AustrU 


FR 


Fiaooc 


IM 


Luaonbourg 


SN 


Senegal 


AU 


Australia 


GA 


Gaboo 


LV 


Latvia 


SZ 


Swaziland 


KZ 


Azertnijaa 


GB 


United Kingdom 


MC 


Monaco 


TO 


Chad 


BA 


Bosnia and Henegovcna 


GE 


GeofgU 


MD 


Repoblic of Moldava 


TC 


Togo 


SB 


Barbadoa 


CH 




MG 


Madagaicw 


TJ 


Tajikioan 


KE 




GN 


Guinea 


MK 


The forma Yucoclav 


TM 


Tuifcmcnutan 


SF 


Biirtcina Fwao 


GR 






Republic or Macedonia 


TR 


TUitcy 


BC 


Balsaria 


HU 


Raafaiy 


ML 


Mali 


rr 


TVnudad and Toba^ 


BJ 




IE 


Zrebnd 


MN 


Mongolia 


UA 


BR 


Brazil 


IL 


Imel 


MR 


Mauritania 


liG 


Uganda 


BY 


Belam 


IS 


Icdaad 


MW 


Malawi 


US 


Unkcd Statei oi America 


CA 


Ctnvla 


IT 


Italy 


MX 


Mexico 


UZ 


Uxbekistaa 


CF 


Cemxa] Afiicaa RepabUc 


JP 


.bpan 


NE 


Niger 

Netfactland] 


VN 


Viet Nam 


CC 


Coojo 


KE 


KeiiTa 


NL 


YU 


Yogoilavia 


CH 


SwttzerlaDd 


KG 


Kyrgyatin 


NO 


Norway 


ZW 


Zimbabwe 


a 


cote d'Tvoire 


KF 


Demociitic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


(HHaod 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CV 


Cuba 


KZ 


Kaiilcstan 


RO 


Romania 






cz 


Ctecfa Rcfnblie 


LC 


Saiot Lucia 


RU 


RussttB Federation 






PE 


Gcnoaoy 


U 


Lteclilcastctn 


SO 


Sudan 






DK 


Denmark 


LK 


Sri Linka 


SK 








EE 


Estonia 


LR 


Liberia 


sc 


Sbgapore 







INTERNATIONAL 


SEARCH REPORT 


InN ional AppBcaOon Ho 

PCT/GB 99/03109 


A.^CLA8aFCATK)N Of SUBJECT MATTER 

IPC 7 B01J19/00 G06K19/06 


G01N33/53 025011/04 


AocortlngtolntamattondPat»fltClaaBflcaiton <rPC)or(o bed 


h national daoBlflcaUon and IPC 




a RELDSSEAACHEO 


MIrwntm (fcKun«fitabOfi aeafcfwd (ctBasUlcatlon oystem loa( 

IPC 7 BOIJ S06IC GOIN C25D 


Mved by daavfcation symbok) 




Doeajmantadoo xwifciwiochf than n^nimum dicurmntation 


to thft •idanl thK such dooMMnis •» indi 


udad InttwieldBMvched 



BactronlettatabaMoonaulsdcJwfnathtt kttomBtkmafsMnh (nenaoldatabaaomd. wtMrapmcdoal. aewchtenmuMcQ 



gpOCUIffilfTS C0N8I0B1E0 TO BE RELEVANT 



Catsgory* 



CSatkmofdocunort. wth Mkatlan. whom nfrmfwlnrm nt ttm rnlmnrt pniwrtona 



Rslwwit to dflfcn No. 



^E£L fL39S 300 A fALCAW IAI I-U:R4^ 



31 October ^1990^(1990-10-31) 
abstract 

page 4, line 22 - line 30; claiss 
1,10,12,17-26; figures 3-5; exaiq>1es 1,3 

US 5 129 974 A (AURENIUS CARL A 0) 
, 14 July 1992 (1992-07-14) 
abstract 

coluam 9. line 42 - line 48 

column 13, line 59 -coluan 14. line 12; 

figure 11 

DE 24 16 652 A (FLASDIECK DIERK OR) 
16 October 1975 (1975-10-16) 

page 6, paragraph 3 -page 7, paragraph 1; 
figure 1 

-/- 



1-3,7-13^) 



20-22 



1-3,7,8, 
13,14 



1-3, 

7-10,13, 

14 

4 



El 



*A' dK»TMnid«Anlngth«gwMralMitoolth« wtwhtchbnol 

ooMhtomd to be of pamoulv relwwKw 
*E- earl 

Singdite 

V dcMURWfll which nwythrmvdoUbtt on priofity dahi<»)or 

cttfton or ottwr apooW reason <a» specflM) 
dooumertmfontno to an omtf«dowir».UM. tochMlonor 



* iMsrdoournantpiiiliihKltftwttw IrMilkJruJUn dtta 
or prtonty dito and noc fei oonttd tirftti tha apfJuatton but 
dtad to undaratand tha prindplo Of thoofy undartylngths 



doouTMntpublalMd prior to ftelntamatianal fflngdtfabiA 
lator than tha priorily dala ddnwd 



*X* d oaima rtofp artaia f talawricacthadrimad nvondon 
CMxA ba GonflMared noMi or camot ba oonddarad to 
Inwlw an uwantfwa itapwhan tttadoojmani la fiifcan atooa 

"Y* dooumant of pafflcvriarfvli'vanoa; tha daknad kwontlon 

cannot baoorwUamd to lnvotM«ninwnttva ilapwhanlha 
doounMni la oo(itt>tfMd vAh ona or mora othar audi doctK 
mac<a, auch ocxnbination bainy otwtoua to a paraon ifctlad 
Inlhaait, 

*&* docunrwrtmambar of Ihaaama patent Ibnily 



Date of lha adualoomplatfcin of tha ircamattond aaarch 

15 nay 2000 



Oato ol maiing of tha tntenudonal aaaich report 

23.05.00 



Nama and maSng ad^aaa of lha ISA 

eirapaan PirtantOfBoa. PB. S616 Patantla«t 2 
NL-22aOHVR^|c 
To*. (431-70) 340-2040. Tx. 31 661 apo nl, 
Fasc (431-70) 340-3016 



Auttiorind ofHoar 



Veefkind, V 



Forni PCT4&AA10 fMODnd ihMq (July IMS) 



page 1 of 3 



INTERNATIONAL SEARCH REPORT 



ink tonal AppCcitton No 

PCT/GB 99/03109 



C(CM«lmMllon^ OOCUWCMTS CONStOCAB) TO BE RELEVANT 



3 



onoi 



RIGBY W R ET AL. ; J^n anodizTno process 
for t he p roduction of tjinnganlc ~ 
Bl cr^34tritt^ffrrffieibranes " 
TRAfiSACnm^W^THT INSTITUTE OF METAL 
FINISHINGT^ 

vol. 68. Jfiugust 1990 (1990-08), pages 
95-98, XPJQ02130485 
theiihoTe^ocuiient 



^^e 



PAIIJOIIBACISJILJAPAN 
vol.^T95Srno. 08, 
30 August 1996 (1996-08-30) 
4 JP 08 102544 A (SATO YOICHI). 
16 April 1996 (1996-04-16),- 
abstract 

GB 2 306 484 A-fONIV HERTFORDSHIRE) 

(1997-05-07) 
cited In the application 
page 15, line 12 - line 23 
page 19, line 24 -page 21, line 2; figure 
4 

the whole document 



WO 97 12680 A (SARGENT BRADLEY 0 ;IRORI 

(US); DAVID GARY S (US); W)VA MICHAEL P () 

10 April 1997 (1997-04-10) 

page 17, line 28 -page 18, line 4 

page 37, line 1 - line 20; figure 33 

page 148, line 9 - line 28 

page 160, line 3 - line 13 

page 182, line 9 - line 18 

page 35, line 27 -page 36, line 9; figures 

19-32 

page 76, line 3 -page 77, line 2 

UO 99 02266 A (AKZO NOBEL NV ; DAMME 
HENDRIK SIBOLT VAN (NL); KREUUEL HERMANUS 
JOH) 21 January 1999 (1999-01-21) 
page 2, line 21 -page 3, line 8 
page 6, line 4 - line 25; clalas 1-4 

LAURELL T ET AL: "ENHANCED ENZYME 
ACTIVin IN SILICON INTEGRATED ENZYME 
REACTORS UHLIZING POROUS SILICON AS THE 
COUPLING MATRIX" 

SENSORS AND ACTUATORS B,CH, ELSEVIER 
SEQUOIA S.A., LAUSANNE, 
vol, 31, no. 3, 1 March 1996 (1996-03-01), 
pages 161-165, XP000630913 

ISSN: 0925-4005 
the whole document 

-/- 



1-3,7 




4-7 

15,18, 
19,24,25 



25 

13,14, 
20-23 

15,18,19 
25 



1-3, 

7-10,13. 
14,20-23 



1-3,7-14 



page 2 of 3 



INTERNATIONAL SEARCH REPORT ^ jom, App«c*ifcmKo 

PCT/GB 99/03109 


C^CondnuMon) OOCUUEMTS CONSIDERED TO BE RELEVAKT 






RdevanttDdMmNo. 


A 


«0 96 24061 A (ONTOGEN CORP) 

8 August 1996 (199^-08-08) 

cited in the application 

page 47, line 6 -page 49, line 29; clalns 

14-53; figure 7 


14,20-23 



Pom PCTASAJQIO (oonlfcMi^ioR id Mowtd tftMQ {Mtlf 1900} 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 



b«rim8«onal Application Na 

PCT/6B 99/03109 



Box I ObMrvtUoM whera eertafen claim* wora found tmaearchabie (Continu«tk>n of Ham 1 of first shoot) 

T1ibtntsrna«onal Search ftepoft has not bsMMtafalisM 17(2Xa)forfftaMkMMtngraasons: 
1. rn Claims Nos.: 

bacBuse they ralata to at^jed mattar notraquirod lo bo saaicM by this Airthoijty. namely: 



2. n Claims Noa.: 

beoauaetwy lelata to parts o( the IntacnaflonafAppflcadon that dD not oorr^ roqiMrementstostioh 
an eictant ttiat fK> meanlng^l Inteniatlonal Saarch can be canM out 



3. n Oabns Nos.: 

bacaum ttiey am dspendent cWnw and am not diMd In aooofdanoe with the 

Boxl Obssrvationowhera unity cT invention lolacldng(ConU 

IMS imamattonal Seaiching Authofity found muMpIs inventfona 'n iMa intamafonal applcaflon, as foOowa: 

see additional sheet 



1. [T1 AaaBraqutrad adAkxutseaich toes ware tlmafy paid 
La-I aeafchable dalms. 

Z rj As afl searchable dajmscouM be seeichadwOhout effort 
— ofanyaddttonallea. 

a I I As only 90cne of the raquired adJiortal sornch lees we<e »ne»y paid by tho ^ipicant tin International Search Report 
I — I ooveis only ttoeedakna tor which leas were paid, spaotllcailydaln^ 



4- LJ No raquJittdaddKlonaiseaich fees were timely paid by the appicantConseq^^ 
rastrtcted to the Inventkm M mentioned in the dairns: it b covered by cfai^ 



naraarK on Protest Qjj The atldWonal seaich fees were accompanied by the applteanfs protest 

^Yj No pretest aocompanied the payment of addltionat search tees. 



Fom) PCT/lSA/210 (conOnualion of first sheet (1)) (July 1996) 



htemaaonri A(3pScatfon No. PCT^GB 99 j03109 



FURTHER INFORMATION CONHNUED FROM PCTASA/ 210 



This International Searching Authority found multiple (groups of) 
Inventions In this International application, as follows: 

1. ClaiBs: 1-14.16,17,20-23 

Claims 1-3,7,8,13,14,16,17,23, related to a solid support 
with an anodlsed metal surface layer. 

Claims 4-6, related to -a method of fabricating such support. 
Claims 9-12, related to a method of fabricating such support, 
Claims 20-22, related to a process of separating results of 
many binding experiments. 



2. Claims: 15,18,19.24,25 

Claims 15,18,19,24,25, related to an optical reader. 



INTERNATIONAL SEARCH REPORT 

tatomuttan on patent rumty nwcnbtr* 


b«t Joral AppicMon Mo 

PCT/GB 99/03109 


Patent (tooument 
cted In saaich iBpoft 


Pii^Ooatkm 
date 


Patent famiy 


Pubtkatfon 
<late 



EP 0395300 A 31-10-1990 CA 1337173 A 03-10-1995 



AT 143731 T 15-10-1996 

OE 69028728 D 07-11-1996 

DE 69028728 T 06-03-1997 

Die 395300 T 02-12-1996 

HK 1006039 A 05-02-1999 

JP 2300661 A 12-12-1990 

JP 2993513 B 20-12-1999 

US 5124172 A 23-06-1992 



US 5129974 


A 


14-07-1992 


NONE 


DE 2416652 


A 


16-10-1975 


NONE 


JP 08102544 


A 


16-04-1996 


NONE 



GB 2306484 A 07-05-1997 AU 696505 8 10-09-1998 

AU 7318496 A 15-05-1997 

CA 2235837 A 01-05-1997 

EP 0863797 A 16-09-1998 

HO 9715390 A 01-05-1997 



US 


5874214 


A 


23-02-1999 


us 


6025129 


A 


15-02-2000 


us 


6017496 


A 


25-01-2000 


us 


5961923 


A 


05-10-1999 


AU 


707444 


B 


08-07-1999 


AU 


5918596 


A 


29-11-1996 


AU 


7257396 


A 


28-04-1997 


CA 


2216645 


A 


21-11-1996 


CN 


1181720 


A 


13-05-1998 


EP 


0822861 


A 


11-02-1998 


EP 


0853497 


A 


22-07-1998 


JP 


11511238 


T 


28-09-1999 


WO 


9636436 


A 


21-11-1996 


AU 


3577997 


A 


14-01-1998 


WO 


9749653 


A 


31-12-1997 



WO 9902266 A 21-01-1999 AU 8863298 A 08-02-1999 

EP 0975427 A 02-02-2000 



WO 9624061 A 08H)8-1996 AU 5020496 A 21-08-1996 

CA 2186943 A 08^-1996 

EP 0754302 A 22-01-1997 

JP 9512036 T 02-12-1997 

us 5770455 A 23-06-1998 



